A pulsed transverse inductive discharge (PTID) is used to population inversion formation on the transitions in atoms and molecules. Excitation system producing an inductive discharge in gases under a pressure within a range from 0, 1 to 1 ,O atm has been created. The experimental study of spectral and temporal parameters of stimulated emission for active media on the Ne (585.3 nm), He (587.5, 667.8 nm), Ar (750.4 nm) atoms and XeF* (353 pj), XeC1 *(308 nm) and KrF* (248 nm), molecules excited by an inductive transverse discharge was performed. Lasing on the transitions of fluorine atoms and nitrogen molecules are reported. The results of the experimental study of spectral, temporal, and energy parameters of fluorine (Fl) and nitrogen inductive lasers are presented.
INTRODUCTION
The RF induction excitation of continuous-wave lasing was reported in papers'2. Continuous-wave (cw) lasing on the transitions in atomic argon ions in the green spectral range under excitation by longitudinal inductive RF discharge was obtained in these papers. The possibility of developing a laser excited by a pulsed inductive discharge was discussed in paper3.
In this work, a method for laser active media excitation by a pulsed inductive transverse discharge is proposed and experimentally realized for the first time in order to obtain the lasing on electron transitions in an atoms and molecules in gases. It is important fact that the pulse repetition rate must be several hertz and higher. That means that all processes of discharge formation, creation of population inversion, amplification, absorption and quenching must occur during each pulse irrespective ofthe past history ofthe preceding pulse.
ft is well known that a pulsed transverse electric discharge as an excitation method has a number of advantages over pulsed longitudinal or continuous discharges. Here the transverse discharge is determined as an electric discharge in which the path of a current flow is perpendicular to the optical axis. Such a discharge ensures the lasing on a very large number of transitions in atoms, molecules, and their ions due to the realization of various (including new) mechanisms of population inversion formation in a wide range of pressures, including atmospheric one. This lasing is achieved due to the fact that in transverse discharge a much higher level of the excitation pulsed power can be reached. It leads to a lasing on the variety of transitions including those for which no gain will be obtained by using the other discharge types. As a result, lasers with high output radiation energy and a high efficiency (1-10%) can be developed.
In contrast to conventional pulsed longitudinal and transverse discharges, a pulsed inductive transverse discharge (PTID) is formed due to the magnetic field inductance produced by the excitation system without any electrodes into the active medium. An appropriate choice of the tube material may ensure the active medium purity and to realize a high laser service life.
The formation of such a discharge is not accompanied by the appearance of cathode spots on the electrode surfaces, which are responsible for the discharge instability and contraction. And as consequence it leads to decrease of the discharge
It is well known that a pulsed transverse electric discharge as an excitation method has a number of advantages over pulsed longitudinal or continuous discharges. Here the transverse discharge is determined as an electric discharge in which the path of a current flow is perpendicular to the optical axis. Such a discharge ensures the lasing on a very large number of transitions in atoms, molecules, and their ions due to the realization of various (including new) mechanisms of population inversion formation in a wide range of pressures, including atmospheric one. This lasing is achieved due to the fact that in transverse discharge a much higher level of the excitation pulsed power can be reached. It leads to a lasing on the variety of transitions including those for which no gain will be obtained by using the other discharge types. As a result, lasers with high output radiation energy and a high efficiency (1-10%) can be developed.
The formation of such a discharge is not accompanied by the appearance of cathode spots on the electrode surfaces, which are responsible for the discharge instability and contraction. And as consequence it leads to decrease of the discharge homogeneity, a gas mixture contamination, quenching the lasing and a limitation of the pulse repetition rate. *rhev(à)jaseriiscrij; phone 7 383 3306214; fax 7 383 3332067; www.laser.nsc.ru
The use of the pulsed inductive discharge is a promising method for excitation not only gas lasers but also metal vapor lasers. Additionally, this method can be used to produce plasma for obtaining radiation (including induced one) in any spectral range, especially for the range from 10 to 150 nm having a considerable interest for microelectronics and photolithography.
The excimer lasers are widely known and described in a lot of papers. These lasers have the radiation wavelengths in the Uv range of spectra 193-353 nm and are capable to obtain the radiation with output energy of 1.0 J with efficiency of several percent48. The typical excitation method for excimer lasers is a transverse discharge with a preionisation of the gas mixture. We think that from the laser physics point of view an obtaining the lasing on the transitions of excimer molecules pumped by pulsed inductive transverse discharge and the study of the inversion population producing mechanism into inductive discharge have the great interest.
Lasers on the atomic transitions of the rare gases He (706.5 nm), Ne (585.3 nm) and Ar (750.4 nm) are widely described in the literature. Despite to the low efficiency they are very interesting from the point of view of the collision population mechanisms for a various electronic levels of rare gas atoms and inversion population producing on some transitions. One can emphasize some papers912 in which the H2 and NF3 additives were used to increase the lasing efficiency on the rare gases transitions. These additives provide the depopulation of the lower laser level and as a consequence the increase of the power and duration of a lasing. A transverse discharge was used as an excitation method. In this paper we have tried to use a pulsed inductive transverse discharge for active medium pumping.
There are many works'324 on lasing on various transitions in fluorine atoms in the spectral range of 623-780 nm. Lasing was observed on 17 lines. However, owing to different excitation conditions, the spectra obtained in different works differ in the number of lines with various wavelengths. The population inversion on atomic fluorine transitions was created using two excitation methods, a longitudinal electric discharge'3'7 in low-pressure (0.5-50 ton) helium mixtures with fluorinecontaining molecules and a transverse discharge 18,20,21,23 ensuring lasing in the same mixtures in a wide pressure range up to 3 atm. At a low pressures, HF, SF6, CF4, C2F6, NF3 and F2 molecules were used fluorine as a fluorine donors, while only NF3 and F2 molecules were used for high pressures due to the discharge homogeneity achieved using the UV preionisation of the discharge gap. In most available experiments, lasing on fluorine atomic transitions took place in the superluminescence regime. The laser pulse duration in various experiments varied from a few microseconds (longitudinal discharge) to tens of nanoseconds (transverse discharge). The gas mixture forming the active medium of the laser usually consisted of helium and admixtures of fluorine-containing molecules in the ratio of 30:1 to 1000:1. Helium was required for creating inversion on transitions in fluorine atoms via the excited states of helium atoms. The use of other rare gases (such as Ne or Ar) as a buffer gas did not lead to lasing.
The first successful experiments on lasing on the electronic transition of fluorine atom under excitation of by PTID were reported in 25 where first inductive FT laser was created.
As it follows from literature analysis, the pulsed transverse inductive discharge can be a promising excitation method of pumping for various gas active media. Therefore the main aim of this work was to forming the inversion population on the atomic and molecular transitions of different gases excited by a pulsed transverse inductive discharge and an achievement ofthe laser action.
EXPERIMENTAL SETUP AND MEASUREMENT EQUIPMENT
To produce a pulsed transverse inductive discharge we used two different excitation systems. One system was developed on the base of the excitation scheme of a LC-inverter type and it is described in detail in 25 Another system is shown on the Figure 1 . The system was developed on the base of a capacitor-transfer type excitation scheme with triggered spark gap SG1 as a high voltage switch and with a peaking capacitance C2. A self-triggered spark gap SG2 was used into the excitation system as a current interrupter. The charging voltage Uhon the storage capacitor C1 was varied from 20 to 27 kV.
The inductor L1 was a solenoid with length 40-60 cm. The solenoid consisted of individual solenoids prepared in the form of parallel-connected sections wound on a glass tube into which gas mixtures were admitted. Each section contained 3 to 20 turns of a stranded insulated cable with a cross-section from 1.5 to 4 mm2. In experiments, the inductor The use of the pulsed inductive discharge is a promising method for excitation not only gas lasers but also metal vapor lasers. Additionally, this method can be used to produce plasma for obtaining radiation (including induced one) in any spectral range, especially for the range from 10 to 150 nm having a considerable interest for microelectronics and photolithography.
The excimer lasers are widely known and described in a lot of papers. These lasers have the radiation wavelengths in the Uv range of spectra 193-353 nm and are capable to obtain the radiation with output energy of 1.0 J with efficiency of several percent48. The typical excitation method for excimer lasers is a transverse discharge with a preionisation of the gas mixture. We think that from the laser physics point of view an obtaining the lasing on the transitions of excimer molecules pumped by pulsed inductive transverse discharge and the study of the hiversion population producing mechanism into inductive discharge have the great interest.
Lasers on the atomic transitions ofthe rare gases He (706.5 nm), Ne (585.3 nm) and Ar (750.4 nm) are widely described in the literature. Despite to the low efficiency they are very interesting from the point of view of the collision population mechanisms for a various electronic levels of rare gas atoms and inversion population producing on some transitions. One can emphasize some papers912 in which the H2 and NF3 additives were used to increase the lasing efficiency on the rare gases transitions. These additives provide the depopulation ofthe lower laser level and as a consequence the increase of the power and duration of a lasing. A transverse discharge was used as an excitation method. In this paper we have tried to use a pulsed inductive transverse discharge for active medium pumping.
The first successful experiments on lasing on the electronic transition of fluorine atom under excitation of by PTID were reported in 25 where first inductive Fl laser was created.
As it follows from literature analysis, the pulsed transverse inductive discharge can be a promising excitation method of pumping for various gas active media. Therefore the main aim of this work was to forming the inversion population on the atomic and molecular transitions of different gases excited by a pulsed transverse inductive discharge and an achievement of the laser action.
To produce a pulsed transverse inductive discharge we used two different excitation systems. One system was developed on the base of the excitation scheme of a LC-inverter type and it is described in detail in 25 Another system is shown on the Figure 1 . The system was developed on the base of a capacitor-transfer type excitation scheme with triggered spark gap SG1 as a high voltage switch and with a peaking capacitance C2. A self-triggered spark gap SG2 was used into the excitation system as a current interrupter. The charging voltage Uh on the storage capacitor C1 was varied from 20 to 27 kV.
The inductor L1 was a solenoid with length 40-60 cm. The solenoid consisted of individual solenoids prepared in the form of parallel-connected sections wound on a glass tube into which gas mixtures were admitted. Each section contained 3 to 20 turns of a stranded insulated cable with a cross-section from 1.5 to 4 mm2. In experiments, the inductor parameter such as the total inductance and resistance were varied to ensure the required values of magnetic induction and the electric field strength in the tube and, hence, the inductive discharge parameters.
The experiments were carried out with glass tubes with an inner diameter of 1 to 4 cm and an active lengths 40-60 cm. At the ends of the tube, adjusting units with plane-parallel quartz or MgF2 windows W1 and W2 were fixed. The windows were arranged perpendicularly to the tube axis and were used as sealing and optical cavity elements. On one side of the tube, a high-reflective plane Al or dielectric mirror Mwas placed. In experiments we studied the intensity and duration of radiation emitted by the inductive discharge in various gases, as well as its spectral and energy parameters under different excitation conditions. In our measurements, we used FEK-22 and FEK-15 coaxial photocells with high temporal resolutions, Tektronix TDS 220 oscilloscope, an Ocean Optics HR 2000 spectrometer, and an Ophir Optronics pyroelectric laser radiation energy meter (PE5O-BB and PE5O detectors). The accuracy of measurements was 5% in all experiments.
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RESULTS AND DISCUSSION
In experiments the pure rare gases He, Ne, Ar, N2 and their mixtures with H2, F2 and NF3, the He:Xe(Kr):F2(HC1), KrF mixtures were excited by a pulsed transverse inductive discharge. The various compositions of these gases under various pressures were used as gas active media. Gas mixtures flows in longitudinal direction of the tube with a low velocity.
It must be pointed out that in the case of excitation of an active medium inside a discharge tube by a pulsed transverse inductive discharge we deal with the new form of laser beam -a ring beam which is determines on the excitation conditions and a diameter of a tube.
3.1 Stimulated emission on the transitions of rare gases (Ne, Ar and He) The spectral, temporal and amplitude parameters of the inductive discharge emission for pure rare gases Ne, Ar, He and their mixtures with additives of H2 and NF3 were studied. In the experiments it was obtained that the intensity and duration of emission depend on the sort and the total pressure of rare gas and an admixture. For all gases mentioned, the stimulated emission usually started at pressures 20-40 torr, it observed up to 140 torr and then it disappeared at higher pressure.
parameter such as the total inductance and resistance were varied to ensure the required values of magnetic induction and the electric field strength in the tube and, hence, the inductive discharge parameters.
The experiments were carried out with glass tubes with an inner diameter of 1 to 4 cm and an active lengths 40-60 cm. In experiments we studied the intensity and duration of radiation emitted by the inductive discharge in various gases, as well as its spectral and energy parameters under different excitation conditions. In our measurements, we used FEK-22 and FEK-15 coaxial photocells with high temporal resolutions, Tektronix TDS 220 oscilloscope, an Ocean Optics HR 2000 spectrometer, and an Ophir Optronics pyroelectric laser radiation energy meter (PE5O-BB and PE5O detectors). The accuracy ofmeasurements was 5% in all experiments.
In experiments the pure rare gases He, Ne, Ar, N2 and their mixtures with H2, F2 and NF3, the He:Xe(Kr):F2(HC1), KrF mixtures were excited by a pulsed transverse inductive discharge. The various compositions of these gases under various pressures were used as gas active media. Gas mixtures flows in longitudinal direction ofthe tube with a low velocity.
The dependence of the radiation intensity (a) and pulse duration (b) on the total pressure for Ne:NF3 -9: 1 mixture are shown on the Figure 2 and the temporal traces of the pulses of the spontaneous and stimulated emission for different pressures are shown on the Figure 3 As it is shown on the Figure 2a in the low pressures range 10-20 ton, the stimulated emission intensity increases rapidly, reaches the peak within 20-40 ton, and then decreases slowly up to 140 torr. The pulse duration (FWHM) at pressure of 10 ton was 200 ns and with an increase of the pressure, when the lasing mode was achieved, the pulse duration shortened up to 20±5 ns (Figure 2 b) . The same situation was observed for Ar and He rare gases in the experiments. The gain factor measured using a cavity loss method for the rare gas inductive lasers was 0.007 -0.01 cm'.
Analysis of the spectral composition of radiation for rare gas (Ne, Ar an He) shows that the number of spectral lines strongly depends on the gas medium composition and total pressure and that the using of H2 and NF3 additives is able to change the emission spectra. On the The same situation was observed for Ar and He rare gases in the experiments. The gain factor measured using a cavity loss method for the rare gas inductive lasers was 0.007 -0.01 cm'.
Analysis of the spectral composition of radiation for rare gas (Ne, Ar an He) shows that the number of spectral lines strongly depends on the gas medium composition and total pressure and that the using of H2 and NF3 additives is able to change the emission spectra. On the 3.2 Stimulated emission on the XeF*, XeC1* and KrF* excimer molecules In these experiments we obtained the stimulated emission on the transitions of the excimer molecules having a radiation wavelengths in the UV region of spectra. To obtain the stimulated emission on the XeF* (353 pj) excimer molecules the energy and temporal parameters of emission for He:Xe:F2 gas mixtures in various compositions and under various pressures within the range 2-500 torr excited by PTID were studied. The temporal traces of the inductor voltage, Uh=24kV.
The stimulated emission on the radiation wavelength of 353 nm started at 88 ton and was observed up to 450 torr.
Maximum of the stimulated emission intensity was obtained for pressures of 300-350 ton. The stimulated emission on the radiation wavelength of 353 nm started at 88 ton and was observed up to 450 ton.
Maximum of the stimulated emission intensity was obtained for pressures of 300-350 ton. The dependence of the stimulated emission pulse duration (FWHM) for XeF* excimer molecules on the total pressure is shown on the Figure 8 . As it seen from the figure the pulse duration for 40 torr pressure was 300 ns (FWHM) and with an increase ofthe pressure when the lasing mode was achieved the pulse duration shortened from 230 ns up to 30±5 ns. The maximum intensity of stimulated emission on the 308 nm (XeC1*) radiation wavelength was obtained for The gain factor measured using a cavity loss method for a maximum of a generation power of the excimer molecules described above was 0.01 -0.015 cm1. The dependence of the stimulated emission pulse duration (FWHM) for XeF* excimer molecules on the total pressure is shown on the Figure 8 . As it seen from the figure the pulse duration for 40 torr pressure was 300 ns (FWHM) and with an increase of the pressure when the lasing mode was achieved the pulse duration shortened from 230 ns up to 30±5 ns. The maximum intensity of stimulated emission on the 308 nm (XeCl*) radiation wavelength was obtained for The gain factor measured using a cavity loss method for a maximum of a generation power of the excimer molecules described above was 0.01 -0.015 cm1. Tek fL.
• Stop It was found experimentally that the spectral structure and the lines intensity of the Fl laser radiation strongly depend on He:F2 ratio in the gas mixture and its total pressure. Figure 1 0 shows the dependence of the spectral structure and the lines intensity on the pressure in the range of28 -1000 torr at three different ratio ofHe:F2 mixture. He:F, -800:1 Fig. 10 . Dependence of a spectral structure and lines intensity of the Fl laser radiation on the total pressures for various He:F2 ratio of a gas mixture and.
The dependence of the radiation intensity on the ratio of the gas mixture components was investigated. The optimal composition for our excitation conditions was He:F2 -100:1 and the maximal laser radiation intensity was achieved at the pressure of 40 torn In detail these investigations are described in25.On the Figure 1 1 the temporal traces of the inductor voltage and a laser pulse for the mixture He:F2-100: 1 under a pressure of 40 ton at 27 kV charging voltage are
Fl inductive laser
Lasing on electronic transitions of fluorine atoms was obtained at excitation of the He:F2 gas mixture under pressures in the range 20-1000 ton. Lasing was observed on eight lines in the wavelength range of 623-755 nm. The wavelengths and corresponding transitions are presented in the Table 1 26 It was found experimentally that the spectral structure and the lines intensity of the Fl laser radiation strongly depend on He:F2 ratio in the gas mixture and its total pressure. Figure 10 shows the dependence of the spectral structure and the lines intensity on the pressure in the range of28 -1000 torr at three different ratio ofHe:F2 mixture. The dependence of the radiation intensity on the ratio of the gas mixture components was investigated. The optimal composition for our excitation conditions was He:F2 -100: 1 and the maximal laser radiation intensity was achieved at the pressure of 40 torr. In detail these investigations are described in25.On the Figure 1 1 the temporal traces of the inductor voltage and a laser pulse for the mixture He:F2-100: 1 under a pressure of 40 ton at 27 kV charging voltage are shown. The laser pulse appeared after 300 ns from the breakdown of the self-triggered spark gap SG2 and it had the duration of 80+2 ns (FWHM). The maximum output laser radiation energy was 0.85 mJ and it was approximately 7 times higher than that obtained in our previous paper25. The pulse power was 10 kW at the pulse duration of 80 ns. The maximum gain measured using the cavity loss method was 0.025 cm'. shown. The laser pulse appeared after 300 ns from the breakdown of the self-triggered spark gap SG2 and it had the duration of 80+2 ns (FWHM). The maximum output laser radiation energy was 0.85 mJ and it was approximately 7 times higher than that obtained in our previous paper25. The pulse power was 1 0 kW at the pulse duration of 80 ns. The maximum gain measured using the cavity loss method was 0.025 cm1. The laser beam has a ring form with dimension of outer diameter of 1 .8 cm and inner one of 1 .5 cm for a discharge tube with inner diameter of 1 .8 cm and a ring with outer diameter about 4.3 cm and an inner diameter of about 4.0 cm for discharge tube with inner diameter of4.3 cm. For nitrogen inductive laser the divergence of laser emission on 337,1 nm wavelength was measured. The measurement was performed by comparison of the laser beam near the laser window with one on the distance of 1 0 m. As a result the divergence value was less than 1 0 radian.
The maximum output laser radiation energy was 0. 1 mJ. At pulse duration of 13+0.5 ns (FWHM) this energy corresponds to a pulse power of7.7 kW. The maximum gain measured using the cavity loss method was 0.1 cm'.
CONCLUSION
To achieve the lasing on the electronic transition of the atoms and molecules the excitation by the pulsed transverse inductive discharge was proposed. The excitation systems to obtain the pulsed inductive transverse discharge have been developed. The experimental study of spectral and temporal parameters of stimulated emission for active media on the Ne (585. The maximum output laser radiation energy was 0.1 mJ. At pulse duration of 13+0.5 ns (FWHM) this energy corresponds to a pulse power of7.7 kW. The maximum gain measured using the cavity loss method was 0.1 cm'.
To achieve the lasing on the electronic transition of the atoms and molecules the excitation by the pulsed transverse inductive discharge was proposed. The excitation systems to obtain the pulsed inductive transverse discharge have been developed. The experimental study of spectral and temporal parameters of stimulated emission for active media on the Ne (585.3 nm), He (587.5, 667.8 nm), Ar (750.4 nm) atoms and XeF* (353 p), XeC1 *(308 nm) and KrF* (248 nm), molecules excited by an inductive transverse discharge was performed.
For the first time the lasing on 8 lines of the fluorine (Fl) atoms electronic transitions pumped by pulsed inductive transverse discharge was created. Output energy of0.85 mJ was achieved. The laser on the electronic transitions of the nitrogen molecules pumped by pulsed inductive transverse discharge was created. The laser action on the wavelength of 337.1 nm with output energy of 0.1 mJ at pulse power of 7.7 kW (13 ns at FWHM) was achieved. 
